TRODUCTION
Rolling noise refers to wheel/rail noise generated on straight track in the absence of discontinuities, sh~h as rail joints and wheel flats. There is now a general consensus within the technical community that roughness on the running surfaces of wheels and rails is primarily responsible for rolling noise. In 1990 this author was a visiting scientist at the Technical University of Berlin and had the opportunity to collaborate with Manfred Heckf on various aspects of rolling noise from trains. Out of that collaboration came the idea for a computationally efficient numerical model for estimating the interaction forces between wheel and rail that would include the effects of roughness and the wheel and rail profile (1) . That model called the distributed point reacting spring (DPRS) model is illustrated in Fig. 1 . There a number of point-reacting springs are distributed around the wheel and along the rail. In order to provide the same force deflection relationship as originally determined by Hertz (2) for smooth surfaces
The DPRS Model with Equivalent Circuit Representation of Roughness Excitation the springs must be non-linear with the force increasing as the square root of the deflection (3). Furthermore it is necessary to adjust the transverse radii of the wheel and rail in the calculation to ensure that the dimensions of the area of contact are correct (3). This latter adjustment is required because the springs do not interact with one another and the model would otherwise give too large an area of contact. If these two corrections are made the model reproduces the predictions of Hertz for smooth bodies of constant curvature. If roughness and irregular wheel and rail profiles are included, the DPRS model can predict the time varying force between wheel and rail as a function of wheel position. One simply forces the wheel against the rail with the nominal wheel load, adds up the force in the springs in the area of contact to obtain the interaction force, rotates the wheel a small amount and repeats the process.
If the wheel and rail are made rigid in this calculation (except for local deformation), the resulting interaction force is the blocked force as illustrated in the equivalent circuits of Fig. 1 . That force can then be used to predict the true interaction force by connecting the wheel and rail impedances in parallel with one another to the terminals of either of the equivalent circuits of Fig. 1 . Similarly the full nonlinear interaction between wheel and rail can be computed by utilizing the impulse response functions for (he wheel and rail and allowing each to move under the influence of the interaction at each time step. Both procedures have been used in earlier evaluation studies (4) mere has been no experimental verification of the DPRS model; however, comparisons have been made with a more exact calculation using the equations of Boussinesq to treat the wheel and rail as if they acted locally like elastic half spaces (3) . This approach provides a more exact representation of the local interaction but requires significantly more computational resources than the DPRS model.
Both provide similar predictions of the interaction force even for roughness wavelengths on the order of the dimensions of the contact area.
APPLICATIONS
The DPRS model was originally developed for estimating the interaction force from measured roughness data in the WINS computer program, a software package (5) developed by the European Rail Research Institute to predict rolling noise from trains. More recently we have used the DPRS model to examine the effect of fluid films (6) and wheel and rail profile modifications on wheel rail noise. The conforming wheel illustrated in Fig. 2 is an example of a wheel profile modification that was recently evaluated by the DPRS model. The wheel has a concave read that conforms to the rail profile and provides a broader area of contact. It was originally thought that if the roughness were sufficiently uncorrelated in the direction transverse to rolling that the broader contact area would tend to average out the contribution to the interaction force of the irregularities in the contact area. Figure 2 shows the estimated blocked force for a wheel with a 340 mm transverse radius of curvature running a rail with a 300 MM radius of curvature. The roughness data were measured by the Netherlands State Railway (NS) on a wheel taken from a train with sintered tread brakes. The results, which are typical of calculations on roughness data from a wide variety of wheels with different braking systems, show no benefit from the use of the conforming wheel. It appears that the conforming wheels are not effective because the broadened contact area increases the contact stiffness slightly and reduces the length of the contact area in the direction of rolling both of which tend to counteract the benefits of the larger contact area.
